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Pericardial tamponade in neonates is a rare clinical condi-
tion, which may be fatal if recognition and appropriate
management are delayed. It has been suggested that
neonatal peripherally inserted central catheter (PICC)
placement is associated with pericardial effusion and
tamponade; the incidence of and mortality from neonatal
PICC-associated pericardial tamponade are 0.5e2% and
45e67%, respectively.1,2
Hyponatremia is the most frequently encountered water
and electrolyte abnormality in neonates. Often, it is a
preventable iatrogenic complication that resolves un-
eventfully. However, hyponatremia in neonates is not a* Corresponding author. Department of Pediatrics, Chang Gung Memor
Taiwan.
E-mail address: newborntw@gmail.com (M.-C. Chiang).
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including brain edema, herniation, and poor neuromotor
outcome, have been demonstrated. Moreover, hypona-
tremia itself may warrant further investigation because it
can be a sign of serious diseases.
Profound hyponatremia developing in the setting of
pericardial tamponade caused by PICC insertion has not
been reported previously. Herein, we describe a 14-day-old
preterm neonate who developed hypervolemic hypona-
tremia after PICC placement complicated by the develop-
ment of cardiac tamponade, with the exclusion of
endocrine, liver, and renal diseases. The neonate was
treated successfully without recurrence by timely peri-
cardiocentesis and removal of PICC. To the best of our
knowledge, reversible hyponatremia developing in theial Hospital, Number 5, Fu-shing Street, Kwei-shan, 33305 Taoyuan,
Elsevier Taiwan LLC. This is an open access article under the CC BY-
542 M.-H. Tseng et alsetting of pericardial tamponade caused by PICC insertion
has not been reported in a neonate.
2. Case Report
A 14-day-old premature male neonate born at a gestational
age of 31 weeks, with a birth weight of 1510 g, was trans-
ferred to the newborn intensive care unit due to shortness
of breath, desaturation, and hypotension. At the age of
7 days, the PICC was inserted for nutritional support.
Empiric antibiotic therapy with vancomycin and mer-
openem was initiated due to suspicion of sepsis at the age
of 12 days. Physical examination revealed hypotension (40/
15 mmHg), tachycardia, pedal edema, and decreased heart
sounds. His urine output decreased from 3 mL/kg/h to
0.5 mL/kg/h from the age of 12 days to 14 days. Laboratory
abnormalities, as shown in Table 1, were profound hypo-
natremia (serum Naþ 119 mmol/L and 133 mmol/L at the
age of 12 days), low serum osmolality (254 mosm/kgH2O),
and high urine osmolality (520 mosm/kgH2O). The Na
þ input
from parenteral nutrition and milk was 6 mmol (4 mmol/kg/
d) on the day before admission. Chest X-ray revealed
increased cardiothoracic ratio and heart size, and the tip of
the PICC inserted through the right basilic vein overlying
the cardiac silhouette. Echocardiogram demonstrated
massive pericardial effusion with evidence of pericardial
tamponade. Cranial ultrasound revealed no abnormalities.
He was treated with fluid restriction by D5 0.9% saline at
the rate of 2 mL/kg/h. Emergent pericardiocentesis, which
yielded 50 mL of serous fluid, and removal of the PICC were
performed immediately. Abrupt elevation of blood pressureTable 1 Biochemical studies at presentation and after pericard
Normal r
Serum
Naþ (mmol/L) 133e143
Kþ (mmol/L) 3.5e5.1
Cl (mmol/L) 102e112
Mgþþ (mg/dL) 1.3e2.4
HCO3
 (mmol/L) 22e24
Sugar (mg/dL) 60e100
BUN (mg/dL) 3e25
Creatinine (mg/dL) 0.1e0.4
AST (U/L) 5e40
ALT (U/L) 5e40
White blood cell (/mL) 4000e10
C-reactive protein (mg/dL) <0.5
Albumin (g/dL) 2.8e4.0
Osmolality (mosm/kgH2O) 275e295
Urine
Osmolality (mosm/kgH2O) 50e1200
Naþ (mmol/L)
Protein Negative
Administered fluid
Naþ of IVF and volume (mmol/kg/d; mL/kg/d)
Naþ of milk and volume (mmol/kg/d; mL/d)
ALT Z alanine transaminase; AST Z aspartate transaminase; BUN Z
* Four hours after pericardiocentesis.
y Day before admission.and an increase of urinary output were noticed immedi-
ately after pericardiocentesis (Figure S1). The composition
of pericardial effusion fluid was similar to that of peripheral
parental nutrition. Rapid recovery of serum Naþ, from
119 mmol/L to 132 mmol/L, with a large quantity of very
dilute urine (urine output 13 mL/kg/h, urine osmolality
116 mosm/kgH2O), occurred 4 hours after pericardiocent-
esis. Hormone investigations for hyponatremia showed
normal thyroid function and cortisol level. The infant was
discharged, and the pericardial effusion did not recur dur-
ing 6 months of follow up.
3. Discussion
This 2-week-old newborn presented with respiratory and
hemodynamic distress resulting from pericardial tampo-
nade due to PICC, which was successfully relieved by
emergent pericardiocentesis. His profound hyponatremia
with low serum osmolality and high urine osmolality indi-
cated true hyponatremia rather than primary water intox-
ication and reset of osmostat. Fluid overload, hypotension,
and decreased heart sound on physical examination and the
exclusion of hypothyroidism, adrenal insufficiency, and
liver and renal disorders pointed to a cardiac cause of
hyponatremia. To the best of our knowledge, this is the first
report of reversible hyponatremia developing in the setting
of pericardial tamponade caused by PICC insertion in
neonates.
Pericardial tamponade is a rare but life-threatening
complication of PICC placement in neonates. Several cau-
ses of PICC-associated pericardial tamponade, includingiocentesis.
ange At presentation After pericardiocentesis*
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4.4 4.6
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163
21.6
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34
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,000 20,000
<0.5
3.0
254 286
520 116
14 4
Negative
3.0; 20 (3.6; 87)y 3.0; 80
0; 0 (0.45; 28.8)y 0; 0
blood urea nitrogen; IVF Z intravenous fluid.
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by hyperosmolar fluid, and cannulation of the pericardio-
phrenic vein into the pericardial space, have been
proposed.3e5 As shown in our case, the tip position of the
PICC, the nonbloody pericardial tap, parenteral nutrition
compositions of the effusion, rapid recovery without
recurrence, and absence of abnormalities on follow-up
echocardiography suggest that the PICC-induced pericar-
dial tamponade was caused by pericardiophrenic vein
cannulation. Clinicians should be aware of the development
of this devastating complication when presented with an
acute increase in cardiothoracic ratio, muffled heart sound,
and sudden cardiorespiratory collapse.
Hyponatremia associated with pericardial tamponade
has not been reported in neonates with PICC, and it has
been reported rarely in adults.6,7 Both antidiuretic hor-
mone (ADH)-dependent and ADH-independent mechanisms
(reduced distal tubular delivery to ADH-acting segment)
associated with cardiac tamponade are responsible for
hyponatremia, as shown in Figure S2. Pericardial tampo-
nade itself decreases effective arterial blood volume,
which is a strong nonosmotic stimulator of ADH secretion
(ADH dependent).2 The resultant decrease in renal blood
perfusion augments proximal filtrate reabsorption to
maintain glomerular filtration, leading to a marked
decrease of distal tubular fluid delivery to the diluting
segment and thus impairment of free water excretion (ADH
independent). The dramatic recoveries of urine output,
hypotension, and hyponatremia observed after peri-
cardiocentesis in our case make the possibility of an acci-
dental association between hyponatremia itself and
pericardial tamponade highly unlikely. Prompt removal of
cardiac tamponade is the root treatment as shown in this
case.
In conclusion, hyponatremia may be irrelevant to the
patient’s symptoms but it points to the urgent identification
of the underlying cause. This case highlights the fact that
hypervolemic hyponatremia should be considered as a signof pericardial tamponade in infants after PICC insertion.
Early diagnosis of pericardial tamponade with emergent
pericardiocentesis is essential to avoid unnecessary exam-
inations and catastrophic complications.
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